A cross-sectional study was performed involving epidemiological and clinical features of the metabolic syndrome (MS) in Spanish migrants to Brazil and their descendants. This included 479 subjects: Group A (Spanish migrants): n = 215; Group B (descendants born in Brazil of Spanish parents): n = 126, Group C (mixed descendants born in Brazil with either father or mother born in Spain): n = 138. MS was defined according to the original NCEP/ATP III criteria and by the revised NCEP/ATP definition (glucose ! 100 mg/dl). Overall prevalence of MS according to NCEP/ATP III criteria was 26.3%. Age/sex-adjusted prevalence was 27.4%. When the revised NCEP criteria were considered, overall prevalence was 30.1% (age/sex-adjusted 31.3%). The differences between the two criteria were 3.8% and 3.9% (CI À1.9-9.4%). When stratified by groups the MS was more prevalent in Group A (37.2%) and Group B (20.6%) than in Group C (10.9%). Environmental factors may have influenced the development of MS. Reason for the apparently protective role of genetic features due to admixture between populations in the mixed descendants needs to be explored. #
Introduction
The prevalence of the metabolic syndrome and the pattern of disturbances associated with insulin resistance vary according to race and ethnicity [1] [2] [3] [4] .
The effect of migration on some components of their metabolic profile has been documented in different countries [5] . Variations in the prevalence of diabetes mellitus (DM) in migrants and their offspring in the new host country as compared to the natives in their own countries have been observed [6, 7] .
Although some traditional components are preserved, the dietary practices of the immigrant populations tend to change, assimilating nutrients, way of preparing foods and different life styles, which may result in an increase of overweight persons [8] [9] [10] .
There are many studies about the environmental influence on the prevalence of diabetes and obesity in migrant populations [7, 11] but only a few reports focus the prevalence of metabolic syndrome in migrants and their descendants [12] .
Spanish migration to Brazil occurred predominantly in the first half of the 20th century, especially to Bahia, a state located in the Northeast region of Brazil, whose capital is Salvador. Almost 96% of the migrants came from Galicia, the Northwestern corner of the Iberian Peninsula [13, 14] . The migration was essentially due to underprivileged socio-economic conditions.
The aim of this study was to investigate the epidemiological and clinical features of the metabolic syndrome (MS) in Spanish migrants to Salvador, Brazil and in their descendants.
Material and methods
A cross-sectional study was conducted in Spanish migrants and their offspring in Salvador, Bahia, Brazil.
A total of 753 Spaniards and their descendants presently living in Salvador and registered with the Spanish Consulate or at the Spanish Hospital as members of Spanish community in Salvador, Brazil were invited by mail to participate in the study. Of this total, 180 deceased or returned to Spain. Of the remaining 573, 15 (2.6%) refused and 79 (13.8%) agreed to participate, but did not show up (26 in Spain for more than 6 months, 4.5%) or had incomplete data (53 or 9.3%). The total sample included 479 participants who were classified into three groups. An interview was conducted, using a standard questionnaire. Questions included place of origin, family history of diabetes, smoking habit, dietary practices, physical activities and related diseases. The anthropometrical measurements were obtained in duplicate and consisted of weight, height and waist circumference measured at the level of umbilicus. BMI was computed as the ratio of weight (kg) to the square of height (m) (kg/m 2 ). Blood pressure was measured twice in a sitting position after a supine rest of 5 min.
Biochemical determinations were done by a board certified laboratory and blood was collected after a 12-h fasting. The subjects were asked to abstain from smoking for 12 h and from consuming alcohol for 3 days before blood was drawn, and tests included: a fasting glucose determination using the glucose oxidase method, the coefficient of variation being <10%; the lipid profile comprising total cholesterol, triglycerides and HDL-c was measured using the enzyme colorimetric method and the LDL-c was calculated based on the Friedwald equation [15] . Serum insulin was measured by RIA (Human Insulin Specific RIA Kit, Linco Research Inc., St. Louis, MO, USA). Insulin resistance (IR) was estimated according to the homeostasis model assessment (HOMA-IR) method from fasting glucose and insulin concentrations, according to the formula: (insulin (mU/ml) Â fasting plasma glucose (mmol/l))/22.5 [16] .
Insulin resistance was considered when HOMA ! 3.8 [17] . MS was defined according to the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults [18] where three or more of the following criteria should be present: (1) abdominal obesity: waist circumference >102 cm in men and >88 cm in women; (2) hypertriglyceridemia: !150 mg/dl (1.69 mmol/L); (3) low HDL-c: <40 mg/dl (1.04 mmol/L) in men and <50 mg/dl (1.29 mmol/L) in women; (4) high blood pressure: !130/ !85 mmg Hg; (5) fasting plasma glucose (FPG) !110 mg/dl (6.1 mmol/L). Individuals on fibrates, on anti-hypertensive or anti-diabetic therapy were included in criteria 2, 4 and 5, respectively. Because of the revision of the glucose levels criterion of MS, the prevalence of MS is also reported, using a glucose cut-point of !100 mg/dl [19] . Impaired fasting glucose was considered when FBG levels !100 mg/dl but <126 mg/dl. Diabetes was considered when fasting plasma glucose !126 mg/dl [20] .
A local institutional ethics committee approved the study protocol, and all subjects gave their written informed consent.
Statistical methods
Quantitative variables are shown by their mean and standard deviations (S.D.). Student's t-test and one-way ANOVA were used to scale variables. The categorical variables were described as proportions and compared by x 2 -test. Logistic regression was used to evaluate the impact of age, sex and each component on the metabolic syndrome. Stratified analyses for interactions using cross-product terms-Pearson x 2 was performed including the metabolic syndrome, insulin resistance, smoking and physical activity. Significance was considered to be p < 0.05. All analyses were done by using SPSS 10.0 software (SPSS Inc., Chicago, IL).
Results
The study included 479 subjects as follows-Group A: n = 215 (68.4 AE 10.6 years, 60.9% men); Group B: n = 126 (48.9 AE 14.9 years, 39.7% men); and Group C: n = 138 (40.2 AE 16.5 years, 52.2% men). In mixed descendants, Group C, 91.2% born of Brazilian mothers.
The overall prevalence of the MS was 26.3% (95% CI 23.4-31.4) (29.6% in men and 22.6% in women: p = 0.08), and the age/sex-adjusted prevalence was 27.4% (95% CI 23.4-31.4). When the revised NCEP criteria were considered the overall prevalence was 30.1% (age/sex-adjusted 31.3%). The difference between the two criteria was 3.8% and 3.9%, respectively (95% CI À1.9-9.4%).
When analyzed by groups, this prevalence was: Group A = 37.2% (95% CI 30.7-43.7). Group B = 20.6% (95% CI 13.5-27.6) and Group C = 10.9% (95% CI 5.7-16.1). Table 1 contains clinical and biochemical data of the three groups of patients. When the aged adjusted characteristics were compared (post hoc test) the results were: the comparison between Groups A and B showed statistically significant differences in the following parameters: waist, systolic blood pressure, BMI and HDLc; the comparison between Groups A and C showed the following differences-waist, systolic and diastolic blood pressure, triglycerides and BMI; the comparison between Groups B and C showed differences only in BMI. These differences were more relevant between Group A and the two other.
The unadjusted and the age/sex-adjusted prevalence of MS by groups both using NCEP original criteria and the new glucose cut-points are shown in Fig. 1 . For each of the groups, the difference between the prevalence of MS, both adjusted and unadjusted for age/sex, by using the original NCEP criteria and revised criterion, were minimal and not significant.
When the analysis was stratified in the individuals aged 50 and older (n = 305), the overall prevalence of metabolic syndrome was 35.6%, and this prevalence remained higher for Groups A (37.9% of 206) and B (37.5% of 96) than for C (18.2% of 33).
Prevalence of risk factor components of the metabolic syndrome was different among groups, except for HDL cholesterol, similar in all three groups ( Table 2) .
The overall prevalence of obesity was 21.3%. The prevalence by group was 31.4% in Group A, 15.1% in Group B and 11.6% in Group C.
The prevalence of smoking was similar in patients with and without MS: 6.3% (95% CI 2.1-10.5) versus 8.5% (95% CI 5.6-11.4), p > 0.05.
The physical activity was more frequent in individuals without MS (48.7%) than in those with (36.3%), p = 0.02. However, after stratified analyses by groups, the statistical significance disappeared (Group A, p = 0.15; Group B, p = 0.45; Group C, p = 0.30).
The logistic regression analysis showed a significant positive association of waist circumference with MS (OR: 48.7; 95% CI 21.0-113.6, p = 0.005). When taking into consideration the presence of MS, 85.1% in Spanish migrants, 78.6% in Spanish descendants and 75% in mixed descendants have insulin resistance ( p = 0.57), that is, no significant differences are observed.
Discussion
The present study examined the prevalence of the metabolic syndrome in migrant populations. A lack of uniformity in the definition of universally accepted criteria and cut off points of diagnostic standards of the MS still limits its study, but the use of an established concept is helpful [21] . The NCEP definition followed in this paper uses clinical criteria and does not emphasize any metabolic parameter. But what it loses in sensitivity is compensated by its feasibility and specificity [18, 22] .
The results showed that the prevalence of MS was 3.5 times higher in migrants and 2.2 higher in the Spanish descendants than in mixed descendants. Comparing the prevalence found in this study to that of Spanish individuals living in Spain (21.7%) [4] , the prevalence ratio was greater (1.71) for Group A, slightly lower (0.95) for Group B and considerably lower (0.50) for Group C. The age-and sex-adjusted prevalence of the metabolic syndrome using NCEP criteria in Salvador, Bahia, Brazil, was 15.5% [23] . When the new serum glucose cut-point was used, the prevalence of MS was practically the same to NCEP criteria.
The overall prevalence of MS, after age and sex adjustment (27.4%), was similar to that reported in other countries, such as 27.0% in USA [24] , 24.4% in Canary Islands [25] and 23% in Colombia [26] . The detected prevalence of 35.6% in people over the age of 50 years was shown to be lower than that of 43.5% found in American individuals at the same ages [27] .
The analysis of HOMA in the context of MS showed that prevalence of MS was lower in mixed descendants, irrespective of insulin resistance. There is probably another protecting factor for this group. On the other hand, insulin resistance was equally present in all groups when stratified by MS. This observation suggests that insulin resistance may either progress to MS, or not.
The prevalence comparison for common risk factors of metabolic syndrome among the three groups showed that, except for HDL-c, which was similarly diminished in around one-third of the subjects in all three groups, all the other risk factors observed in Table 1 progressively diminished from Group A to Groups B and C. While Spanish migrants and their descendants (Group B), more frequently had central distribution of their adiposity, only 15.7% of mixed descendants, Group C, had a significant abdominal deposition of fat, which could have protected them from MS [28] .
There is little mention of MS in migrants [12] . For this reason, there may be difficulty in comparing the present study data. On the other hand, there are many studies about diabetes in migrants [5] [6] [7] .
In Spain the prevalence of obesity is 13.4% in women and 11.5% in men [29] . Among Spanish migrants the prevalence was higher than in their descendants. An explanation for the differences between the risk factors of MS in migrants and their pure descendants, and in the ethnically mixed migrant descendants born and raised in Bahia has not been established so far. It is possible that behavioral changes and environmental factors contributed significantly to the observed situation, but the influence of racial admixture cannot be ruled out.
Spanish migrants, exposed to an unfavorable nutritional environment due to financial difficulties [13] , both in Spain and still more so during the first years of migration [14] , probably amplified their preexistent insulin resistance. When in the following prosperous years they became jewelers, bakers, food supplies and building ware owners, dealers, hotel business, they were exposed to abundance of food and MS had a fertile terrain to become intensified. Children of Spanish parents exposed to an insulin-resistant uterine environment probably continued to have more tendency to develop the MS.
In mixed descendants, more than 90% born of Brazilian mothers [14] , lack of intra-uterine predisposition, genetic admixture or a different life style (healthier food ingestion, and increased physical activity) could have attenuated the metabolic picture. The relative importance of the contribution of genetic and environmental factors in the changes observed generation after generation still await further clarification, but both nature and nurture surely interfere.
